Objective: The treatment of patients with non-small cell lung cancer invading the parietal pleura or chest wall is still debated. It is unsolved whether the depth of chest wall involvement or the type of resection (extrapleural or en bloc) affects long-term survival. Methods: design, retrospective analysis; setting, Hyogo Medical Center for Adults, patients: the 97 patients who underwent surgical resection for nonsmall cell lung cancer involving the parietal pleura or chest wall between 1985 and 1997 were reviewed. Results: Of the 97 patients, 76 had apparently complete resection, 21 had incomplete resection. The overall 5-year survival of completely resected patients was 34.2%, and that of incompletely resected patients was 14.3% (PZ0.0489). In complete resection cases, the chest wall involvement was limited to the parietal pleura in 40, extended into the subpleural soft tissues in 10, and extended into the ribs in 26. The 5-year survivals were 32.5, 30.0 and 38.5%, respectively (no significant difference). The 5-year survival of completely resected patients with T3 N0 M0 disease was 44.2%, T3 N1 M0 disease 40.0%, and T3N2 M0 disease 6.2% (PZ0.0019). The 5-year survival of completely resected patients with extrapleural resections was 30.0%, that of en bloc resections 38.9% (no significant difference). Conclusions: Survival of patients with lung cancer invading the chest wall or parietal pleura after resection is highly dependent on the completeness of resection and the extent of nodal involvement, but not so much on the depth of chest wall invasion or type of resection. q 2004 Published by Elsevier B.V.
Introduction
Invasion of parietal pleura, subpleural soft tissue, or bony structure of the chest wall occurs in 5-8% [1] of patients with non-small cell lung cancer undergoing surgical treatment. Since Coleman [2] demonstrated the technical feasibility of associated pulmonary and chest wall resection and reported some long-term survival cases, several studies dealing with this subject have been published. Though advances in surgery, anesthesia, and postoperative management, patients with such tumors formerly considered to be inoperable have come as candidates for resection. However, since a wide range of long-term survival has been reported, the exact indications of surgical treatment and the efficacy of adjuvant treatment remain the subjects of controversy. In the present study, we reviewed our experience with peripheral non-small cell lung cancer invading the parietal pleura or chest wall in an attempt to evaluate factors influencing survival and determine the optimal treatment strategy to remove such tumors.
Patients and methods
We retrospectively reviewed all patients at Hyogo Medical Center for Adults between 1985 and 1997 of 97 undergoing surgical resection for non-small cell lung cancer involving the parietal pleura or chest wall. Preoperative evaluation included their history, routine blood tests, physical examinations and spirometry. All the patients underwent a uniform staging protocol including chest roentgenogram, thoracic computed tomography (CT) and fiberoptic bronchoscopy. Cerebral CT, abdominal CT and isotopic bone scan were also carried out in almost all patients. We classified these cases according to the present TNM classification [3] .
Of the 97,19 patients received induction therapy in a nonrandomized fashion, according to specific management regimens adopted by the different referring physicians: 6 patients received radiation, 6 patients received chemotherapy and 7 patients received both radiation and chemotherapy. Eleven patients received adjuvant therapy in a nonrandomized fashion according to specific management regimens adopted by the different referring physicians: 3 patients received radiation, 7 patients received chemotherapy and 1 patient received both radiation and chemotherapy.
In almost all patients, a posterolateral thoracotomy was performed. An extrapleural resection was defined as extrapleural mobilization of a tumor at the point of its attachment to the chest wall with removal of lung parenchyma in continuity with a portion of the overlying parietal pleura. An en bloc resection was defined as removal of lung parenchyma in continuity with a portion of the adjacent parietal pleura, and chest wall soft tissue with or without bony structures, without removal of the overlying integument. Lymph node dissection was routinely carried out in almost all cases. Intraoperative frozen sections were not required routinely.
If resected ribs were located in the backside of scapula or did not exceed three, reconstruction was not performed in principle. Even if necessary, we attempted to reconstruct the deficit of chest wall without synthetic material whatever possible, A complete resection was defined as pathologic demonstration of negative tissue margins. The patients positive on lavage cytology were classified as incomplete resection. Gross residual disease after attempted resection was also classified as incomplete resection. Patients with metastatic lesions and superior sulcus tumor were excluded.
The same pathologist studied all surgical specimens.
Statistics
No patient was lost to follow-up during the study, which was terminated in January 2003. The minimum follow-up period was 5 years. Survival was calculated from the date of surgery until death, or until the last follow-up. Calculation of actuarial survival did not include operative deaths (defined as within 30 days of operation). The standard deviation was calculated using the Greenwood method. The survival curves were drawn by applying the Kaplan-Meier product limited method. The survival analysis was evaluated with the log rank test. The data were considered significant when the two-sided P-value did not exceed 0.05.
Results
We identified 97 patients from 1985 to 1997 who were recorded as having undergone resection with pathological T3 parietal pleura or chest wall involvement.
Characteristics of the patients undergoing complete resection
Of the 97 patients, 76 (78.4%) had apparently complete resection. These patients constituted the study population for this review, and included 67 men and 9 women. They had a median age of 63.4 (range 40-78). The histological classification of the malignancy on final pathology was squamous cell carcinoma in 38 (50%), adenocarcinoma in 29 (38%), large cell carcinoma in 7 (9%), and adenosquamous cell carcinoma in 2 (3%). The extent of pulmonary resection consisted of lobectomy in 68 (89%), pneumonectomy in 5 (7%), and segmentectomy in 2 (3%), and wedge resection in 1 (1%). More than half (43 patients, 56%) had pathological T3 N0 disease, 15 (20%) had T3 N1 disease, 16 (21%) had T3 N2 disease, and 2 (3%) had T3 N3 disease. The extent of chest wall involvement in patients who underwent complete resection was the pleura only in 40 (53%), subpleural soft tissue in 10 (13%), and ribs in 26 (34%). Resection of the chest wall was extrapleural in 40 patients (53%), en bloc in 36 (47%) ( Table 1) .
The extent of chest wall involvement in 21 patients who underwent incomplete resection was the pleura only in 10 (48%), subpleural soft tissue in 2 (9%), and ribs in 9 (43%). There was no statistical difference between complete and incomplete group in the extent of chest wall involvement. IIB  T3 N0 M0  43  IIIA  T3 N1 M0  15  T3 N2 M0  16  IIIB  T3 N3 M0  2  Pathologic extent  Parietal pleura  40  Subpleural soft tissue  10  Rib  26 SD, standard deviation.
Pattern of recurrence
Of the 76 patients who underwent complete resections, 34 patients (44.7%) had recurrence; the site of first recurrence was distant in 29 patients (85%), local in 5 (15%). There was no discernible difference in recurrence rate after extrapleural resection or en bloc resection (Table 2) , or among pathologic extent of invasion (Table 4) . However, there was significant difference among pathological extent of lymph node, N0 or N2 (PZ0.0299) ( Table 3 ).
Survival
There was a statistically significant difference in survival rate between patients who underwent a complete resection (5-years survival 34.2%) and those receiving an incomplete resection (14.3%) (PZ0.0489) (Fig. 1) .
There was no significant difference in survival rate between those who underwent extrapleural resection (30.0%) and those with en bloc resection (38.9%) (Fig. 2) .
No difference was found in terms of survival between the patients with T3 N0 disease (44.2%) and those with T3 N1 disease (40.0%). But there was significant difference in survival rate between the patients with T3 N0 disease and those with T3 N2 (6.2%) (PZ0.00019) (Fig. 3) .
There was no significant difference in survival rate in relation to the pathological extent of chest wall invasion (parietal pleura 32.5%, subpleural tissue 30.0% and ribs 38.5%) (Fig. 4) .
No difference was found in survival rate between the completely resected pathological T3 N0-1 patients who underwent extrapleural resection (40.0%) and those who underwent en bloc resection (46.4%).
There was also no significant difference in survival rate among the completely resected T3 N0-1 patients in relation to the pathological extent of chest wall invasion (parietal pleura 41.9%, subpleural tissue 33.3% and ribs 47.6%).
Discussion
Surgical resection of non-small cell lung cancer invading the chest wall, which accounts for 5-8% of resected cases [1, 4] , has been considered the treatment of choice despite difficulties in postoperative management in elderly patients or patients with full-thickness chest wall disease. The operation has been associated with high rates both of morbidity (above 20%) [5] and mortality (3.8-7%) [6] [7] [8] .
The determination of optimal treatment strategy, and factors influencing the survival of these cases are of great importance. However, the situations in determining individual therapeutic strategies are still subject of much debate.
In particular, the question of the depth of tumor invasion affects survival of patients with lung cancer invading the chest wall has been especially controversial. Furthermore, when a tumor is found to involve only the parietal pleura, simple extrapleural resection is another point of controversy. In our review, outcome was found to depend mainly on the completeness of resection and on the extent of nodal involvement as some authors suggested [7] [8] [9] [10] . However, we did not find any significant difference in terms of survival between the patients with N0 or N1 disease, which also agrees with some of the same authors [8, 9] . However, Downey and associates [7] reported that patients with N1 disease had poorer prognosis than those with N0 disease.
In our series, the depth of tumoral invasion and the type of resection for chest wall involvement did not influence survival. This result is consistent with findings of Downey et al.'s report [7] . Magdeleinat and associates [8] , however, reported that depth of invasion did affect the survival of patients with lung cancer invading the chest wall, while Albertucci et al. [10] concluded that in peripheral lung tumors adherent to the parietal pleura with N0 and N1 disease en bloc resection should be performed to assure complete removal of the primary tumor. The result of our review suggested that an experienced thoracic surgeon could recognize whether an extrapleural resection or en bloc resection is adequate for complete resection, because in our data, local recurrence after extrapleural resections in completely resected patients was relatively lower rather than en bloc resections (6.7 and 21%, respectively).
Traditional thoracotomy and chest wall en bloc resection has an inclination to be associated with higher rates of morbidity, mortality, and prolonged, painful periods of recovery compared to minimally invasive surgical procedure. The video-assisted thoracic approach to en bloc resection of lung cancer invading the chest wall would be an option to consider selected cases if sufficient local control is obtained by an expert surgeon [11] . However, the approach must be restricted to advanced disease.
Radiation, chemotherapy or chemoradiotherapy was used in some of our patients as preoperative induction therapy. Some patients received the therapies after operation. However, since the administration of these treatments was not according to any fixed randomized protocol, the results were not analyzed. Downey et al. [7] reported that there was no difference in survival with or without preoperative, intraoperative or postoperative irradiation in completely resected cases of T3 N0 M0 disease. Considering the high distant metastatic rate and low survival rate in patients with N2 tumors invading the chest wall, many authors carried out trials of induction chemotherapy or chemoradiotherapy [12] [13] [14] . Most of these studies improved local control, but failed to remarkably improve survival because of the difficulty of distant metastasis control.
However, in cases of incomplete resection, postoperative radiation might be useful as Downey et al. [7] and Magdeleinat et al. [8] reported.
At present, it is of paramount importance that surgeons achieve meticulous complete resection in patients with N0 or N1 disease.
